We show that LEPII will either discover charginos and neutralinos, or enable a very stringent upper limit to be placed on tan β as a function of the gluino mass. The only assumption we make is the existence of some unified model which breaks down to the minimal supersymmetric standard model below the unification scale. In such a framework we discuss how the discovery of a chargino at LEPII and the measurement of its mass and production cross-section, together with the measurement of the mass of the lightest neutralino, would enable the gluino mass, tan β and µ to be predicted, up to a possible ambiguity in the sign of µ which we discuss.
The LEP e + e − collider provides a clean environment for searching for the charginos and neutralinos predicted by the minimal supersymmetric standard model (MSSM) [1] . In the context of a unified model it may be assumed that the three low energy gaugino mass parameters M i , with i = 1, 2, 3 corresponding to the groups U(1), SU (2) , and SU(3) respectively, are unified into a universal gaugino mass M 1/2 at the same scale M X at which the gauge couplings α i = g 2 i /4π are unified into a single coupling α X [2] . Then at the electroweak scale (which we take to be m Z ),
as a simple consequence of the one-loop renormalisation group equations. For example the gluino mass is given by
Having made this assumption the charginoχ ± i (i = 1, 2) and neutralinoχ 0 i (i = 1 . . . 4) masses and mixing angles then only depend on three unknown parameters: the gluino mass mg, µ and tan β [3] .
Several authors have considered the production of neutralinos and charginos at hadron colliders [4] , e + e − Colliders at the Z pole [5] and beyond [6] , as well as its decay modes [7] . The results of such analyses are usually presented as allowed and excluded regions in the mg − µ plane for specified values of tan β [8] . Given the already widespread interest in this subject, we should be clear to point out what we have done that has not already been considered. The purpose of the present paper is twofold:
(1) We shall show how existing LEP data may be used to extract a precise bound on tan β as a function of mg. In order to do this we shall present our results in the tan β − µ plane for specified values of mg. This enables us to deduce an upper bound on tan β as a function of mg. Since the bound is monotonic, the maximum value of tan β is equivalent to specifying the minimum value of mg for a given value of tan β, and this information is available from the tan β = 1, 2, 5, 30 contours in the mg − µ plane [8] . However our method makes it possible to extract a precise bound on tan β as a function of mg, at LEP.
(2) We shall consider the prospects for chargino discovery at LEPII. Either the chargino will not be discovered, in which case we show that this leads to a very stringent bound on tan β as a function of mg. Or the lighter chargino and (by virtue of its decay) the lightest neutralino will be discovered in which case we show how this would enable the gluino mass, tan β and µ to be predicted from the LEPII measurements of the mass of the chargino, the mass of the lightest neutralino, and the measurement of the chargino production cross-section. We try to present these numerical results in a form which will be useful to experimentalists.
We begin by considering the constraints on the MSSM coming from the negative searches at LEP for new particles with the signatures of charginos and neutralinos.
For gluino masses not too heavy, the allowed region of the tan β plane corresponds to negative values of µ 1 and in practice is determined by the intersection of the regions allowed by the following two constraints:
• The 95% CL upper bound on the contribution of new particles to the Z width is ∆Γ Z < 30 MeV.
• The branching fraction for the decays Z →χ 
The first of these experimental constraints is similar to that used previously [8] , and essentially is derived from the measurement of the Z width. This constraint has a similar effect to the constraint that mχ± 1 > 45 GeV, ( at least for large negative regions of µ) but is always more restrictive for our range of gluino masses. The second constraint above is a factor of 5 more stringent than previously assumed [8] . and is based on the negative searches for typical neutralino signatures such as the preliminary OPAL result [9] B(Z → γX inv ) < 4.3 × 10 −6 (4) for M X inv < 64 GeV (95% CL). For our range of gluino mass, this constraint is always more restrictive than the constraint that the invisible width of the Z satisfies ∆Γ Z inv < 7 MeV. Constraints such as those mentioned above may be combined by the LEP experiments to produce an excluded region in the mχ0 i − tan β plane. For example a preliminary result from L3 gives mχ0 1 > 25 GeV and mχ0 2 > 42 GeV for tan β > 2 [9] . We have checked that such excluded regions in the mχ0 i − tan β plane do not provide any additional constraints in our analysis, for a sample value of the gluino mass. 1 We use the same convention as [8] in which the superpotential W = −µH 1 H 2 where
In Fig. 1 we show in detail how the above LEP constraints restrict the parameter space of the MSSM. For a gluino mass of 140 GeV, Fig. 1 shows that much of the tan β − µ plane is excluded by these constraints. For example all of the parameter space with µ > 0 (mostly not shown) is excluded in this case. In the negative µ region shown in Fig. 1 it is clearly seen that there is a maximum value of tan β < 5 given by the intersection of the lines corresponding to the constraints ∆Γ Z < 30 MeV and B(Z →χ GeV.
From analysing plots of the kind shown in Fig. 1 for various gluino masses we are able to obtain a rather precise upper bound on tan β as a function of gluino mass from existing LEP data, and a corresponding but much more restrictive bound on tan β from the assumption that LEPII will not discover the chargino, and will set a limit of mχ± 1 > 80 GeV. Both these bounds are shown in Fig. 2 . The model independent bound on the gluino mass from CDF is mg > 100 GeV (90 % c.l.) [10] . 2 These plots show that, should an intermediate mass gluino be discovered at the Tevatron, then a precise and useful bound may be placed upon tan β by LEPI or LEPII data, on the assumption that no charginos or neutralinos are discovered at LEPII.
A light gluino is not excluded by experiments [12] . The allowed light gluino window is 2.6 < mg < ∼ 6 GeV and mg < 0.6 GeV, although the exact boundary of this window is controversial [13] . With the assumptions presented in this paper, i. e. , unification of gaugino masses, there is an allowed region in the tan β − µ plane [14, 15] . Nevertheless, in supergravity models with a radiatively broken electroweak symmetry group and universality of scalar and gaugino masses at the unification scale the light gluino window has been closed [15] . Now let us consider the possibility that LEPII will discover the lighter chargino with a mass in the range mχ± 1 = 50 − 90 GeV. A typical signature of chargino pair production would be a charged lepton pair l + l − plus missing energy, arising from the decayχ
Such a clean signature should enable the chargino to be discovered right up to the kinematic limit of the collider, and by scanning in energy the chargino mass should be easily extracted. Clearly if LEPII discovers the lighter chargino then it will simultaneously also discover the lightest neutralino into which the chargino decays thereby discovering two new particles for the price of one! By various kinematic means, such as measuring the maximum charged lepton momenta, it should be possible to measure the lightest neutralino mass from such events. Given accurate measurements of mχ± 3 In each of the figures, we have fixed the chargino mass, and plotted the cross-section as a function of the lightest neutralino, for an allowed range of gluino masses. These plots clearly show that the LEPII measurements of the lightest chargino and neutralino masses (and to a lesser extent the cross-section) enable the gluino mass to be predicted from the theory. Furthermore the values of tan β and µ given at the end-points of the gluino mass contours will vary along the contour, thus enabling these parameters to be pinned down by an accurate measurement of the cross-section. The precise accuracy required is clear from these figures. The finite length of the contours in Figs. 3-7 is due to the Z-pole constraints discussed earlier, and so for example tan β will vary along each of the contours up to its maximum permitted value. In some of the contours it will be noticed that there is a small gap. This gap corresponds to two different allowed regions with different signs of µ. These broken contours occur for heavier values of gluino mass and generally have a hairpin shape. By contrast the contours for lighter gluino masses are approximately vertical straight lines, and only have an allowed region for negative µ.
The broken-hairpin contours tend to intersect other contours leading to ambiguities in the determination of µ, tan β and mg which may be resolved by a direct measurement of the gluino mass, for example.
Corresponding to Figs. 3-7 , Tables 1-5 show the ranges of tan β and µ for each of the contours. In these Tables we have also included the corresponding ranges of the cross-section and lightest neutralino mass which will enable the entries in Tables  1-5 to be identified with the contours in Figs. 3-7 . The region where the contours 3 We have neglected the diagrams involving virtual sneutrinos, and assume that σ(e + e − → χ
. This should be a good approximation provided the sneutrino mass exceeds 500 GeV. Also we have assumed that the SUSY breaking scale is equal to m Z which is consistent for gluino masses of order 100 GeV.
are approximately vertical is particularly interesting. A measurement of the lightest chargino and neutralino masses in that region predicts the gluino mass independently of the value of the total cross section. This prediction is therefore independent of the sneutrino mass, which we have neglected. This can be understood in the following way: if the sneutrino is lighter than about 500 GeV, its contribution to the total cross section starts to become non-neglegible and the value of σ(e + e − →χ + 1χ − 1 ) will change with respect to our approximation, but the chargino/neutralino spectrum will be unaffected. This implies that, although the vertical contours move up and down the vertical axis when the sneutrino mass is changed, the prediction of the gluino mass remains unchanged. Another property of this region is that the value of the parameter tan β is confined to a narrow interval close to the unity. This type of upper bound on tan β is precisely what we have in Fig. 2 .
We hope that the combination of . With knowledge of µ, tan β and mg one may predict the entire spectrum of chargino and neutralino masses and mixing angles using standard formulae, and then search for the remaining particles in this sector. The particle physics and cosmological implications can hardly be overstated, and so it is with some excitement that we await the first results from LEPII. , 110, 120, 130, 140, 160, 180, 200, 220, 250 , 300, 400, 600, 800, 1000 GeV, in the plane σ(e + e − → Z * , γ * → χ 130, 140, 160, 180, 200, 220, 250 , 300, 400, 600, 800, 1000 GeV. 180, 200, 220, 250, 300, 400, 600, 800, 1000 GeV.
